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The  objective  of  this  study  Is  to  examine  the  uses  of  a 
General  Purpose  Interface  Bus  (GPIB)  to  link  a  microcomputer 
controller  to  computer-controllable  test  equipment.  The 
Hewlett-Packard  HP-85  microcomputer  Is  exai^ned  as  the 
systems  controller.  The  test  equipment  Is  configured  to 
conduct  basic  electronic  laboratories  and  the  results  are 
compared  with  current  manually-controlled  test  equipment. 


Test  equlpneats  evaluated  Include:  The  Wavetek  Mcxlel  270 
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mable  counter/ timer,  Tektronix  DM5010  programmable  digital 
multimeter,  Tektronix  PSSOlO  programnable  power  supply, 
Hwlett-Packard  1615A  programmable  logic  analyzer,  and  the 
Photodyne  Model  488XLI  GPIB  Interface  and  digital  power 
meter.  These  equipments  and  others  are  evaluated  slnglely 
and  In  combination.  Various  methods  for  displaying  and 
plotting  acquired  data  are  discussed  and  evaluated. 
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The  objective  of  this  filimijr  is  to  ezaaine  the  uses  of  a 
General  Eorfose  Interface  has  (6PIB)  to  link  a  aicrocoafuter 
controller  to  coaputer-contro liable  test  eqoipaent.  Ihe 
Bevlett'PacJcard  HP-SS  aicroconpater  is  ezaained  as  the 
systea  ccntroller.  The  test  equipaent  is  configured  to 
conduct  basic  elect zcnic  laboratories  and  the  results  are 
coapared  '  aith  -current  '  aanually-*>con trolled  test  equipaent. 
lest  equipaent s  evaluated  include:  The  Havetek  Model  270 
prograaaable  function  generator#  Tektronix  OC5009  prograa- 
aable  cconter/tiaer#  Tektronix  DH5010  prograaaable  digital 
aultiaeter#  Tektronix  PS5O10  prograaaable  pover  supply# 
fievlett-Packard  16l3k  prograaaable  logic  analyzer#  and  the 
Photodyne  Model  488X11  6PIB  interface  vith  digital  pover 
aeter.  These  equipxents  and  others  are  evaluated  singlely 
and  in  ccabination.  Xarious  aethods  for  displaying  and 
plotting  acquired  data  are  discussed  and  evaluated. 
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I.  IMTHODBCTIOM 


Spurred  by  the  lev  cost  aod  availability  of  aicrocoa- 
puters  and  other  similar  products  of  the  integrated  circuit 
revolution,  nev  uses  of  microcomputers  and  other  program¬ 
mable  eguipments  are  becoming  widespread.  The  use  of  micro¬ 
computers  to  control  data  aeguisition,  and,  once  the  data 
has  been  aeguired,  to  optimally  display  results  is  much 
faster  and  often  more  accurate  than  manual  methods.  Basic 
electronics  laboratories  for  courses  such  as  EC-2211, 
EC-2212  and  EC-2215  taught  at  the  Naval  Postgraduate  School, 
and  basic  digital  courses  such  as  EC-2811  and  EC-2812 
currently  use  non-programmable  test  equipment.  The  use  of  a 
microcomputer  controller  and  programmable  test  eguiiuient 
could  provide  the  following  advantages  over  the  current 
manual  methods: 

(1)  More  consistent  results  in  repeated  measurements, 
since  a  computer-controlled  system  is  not  subject  to 
operator  fatigue. 

(2)  Greater  throughput  because  computer- centr died 

systems  are  generally  faster  than  manual  methods. 

(3)  More  thorough  testing  because  system  speed  allows 
more  parameters  to  be  measured  in  a  shorter  tine. 

(4)  Eesults  expressed  in  scientific  or  engineering  units, 
since  many  system  contrcllers  are  capable  of  on-line 
data  manipulation. 

(5)  Greater  accuracy  because  system  errors  can  be  meas¬ 
ured  automatically  by  comparison  to  theoretical  or 
pretabulated  values,  stored  and  accounted  for  in  the 
results. 


(6)  Adaptive  data  acquisition  where  a  systea  can  be 
progranned  to  branch  to  other  oeasureaents  to  help 
pinpoint  probleas  when  it  aeasures  an  abnoraal  ccndi- 
tion. 

(7)  Capability  to  store  aeasureaent  results  in  computer 
aeaory*  on  disk  or  tape,  or  on  a  hard  copy. 

(8)  Better  data  display,  since  aicrocomputer-generated 
graphs  and  plots  have  obvious  advantages  in  time  and 
accuracy  over  those  done  by  hand. 

(9)  laaediate  fe^'^dbacJc  to  students  since  data  plots  are 
readily  av*  liable  for  interpretation. 

The  objective  of  this  study  was  to  show  how  the  use  of  a 
microcomputer  and  programmable  test  equipment  could  replace 
the  current  procedure  for  conducting  basic  electronic  labo¬ 
ratories.  Methods  for  data  collection  and  display  were 
examined  and  compared  to  manual  methods. 

Tc  meet  the  objectives  of  this  study  various  program¬ 
mable  test  equipments  were  evaluated  .  Programs  for  the 
HP- 85  ccmputer  were  written  to  aid  in  the  evaluation. 
Chapter  II  discusses  the  General  Purpose  Interface  Bus  and 
gives  seme  background  on  its  adoption  as  IEEE  Standard 
483-1S78.  Chapter  III  is  an  introduction  to  the  equipment 
used  in  this  study  including  a  summary  of  each  equipment's 
capabilities.  Chapter  IV  discusses  the  use  of  programmable 
test  equipment  for  data  collection.  The  frequency  response 
of  a  simple  circuit  is  evaluated  as  a  demonstration. 
Chapter  V  discusses  the  display  of  data  acquired  from 
programmable  test  equipment  including  computer-generated 
plots  examples  of  which  are  shown.  Appendix  A  is  an  ASCII 
and  IEEE  488  code  chart  and  Ai ^ endix  3  is  a  :ollecticn  of 
the  programs  developed  to  demonstrate  and  evaluate  the 
programmable  test  equipment. 


II.  POBPOSB  INIISF^CB  §0S 


There  are  many  afflications  where  the  Deasuremeut  power 
of  interactive  instruaents  can  be  further  enhanced  by 
coupling  then  to  a  desktop  coaputer  or  minicomputer. 
Operating  in  a  remote  mode  can  provide  more  exact,  error- 
corrected  results  as  compared  with  conventional  manual  oper¬ 
ation  techniques. 

Presently,  three  major  factors  have  combined  to  reduce 
significantly  the  engineering  development  costs  of  config¬ 
uring  measurement  systems: 

(1)  Distributed  ccmputing  through  the  growing  number  of 
instruments  with  internal  microprocessors, 

(2)  The  broad  chcice  of  computers  ranging  from  inexpen¬ 
sive,  easy- tc-program  desktop  computers  to  more 

sophisticated  computer  systems  capable  of  managing 
multi-station  instrument  clusters  and  complex  data 
bases,  and 

(3)  The  availability  of  standard  interface  equipment  such 
as  the  GPI5  which  allows  the  easy  interface  of 
different  equipments  from  different  manufacturers. 

In  1972,  the  Q.S.  Advisory  Committee,  composed  of 
diverse  interests  representing  both  users  and  manufacturers 
established  initial  goals  and  then  adopted  an  interface 
concept.  The  Hewlett-Packard  Corporation  had  for  seme  time 
been  a  leader  in  measurement  technology  research,  and  the  HP 
Interface  Bus  was  adopted  by  the  committee  as  an  appropriate 
starting  point.  A  draft  document  was  subsequently  written 
and  evaluated  by  members  of  the  committee,  and  then 


subnitted  as  the  O.S.  proposal  to  the  Interoational 
Electro- technical  Coscission  (lEC)  in  the  antusn  of  1972. 
Since  then,  the  interface  has  andergone  a  nanber  of  ainor 
changes  to  acconaodate  Tarious  needs  at  the  international 
level. 

In  September  1979,  the  parent  technical  committee,  lEC 
TC76,  approved  the  main  interface  draft  document  for  a 
formal  ballot  among  the  member  nations  of  the  lEC. 
Balloting  took  place  in  1976,  and  lEC  recommendation  625-1 
was  adopted.  The  lEC  recommendation,  using  a  different 
connector,  is  totally  compatible  with  the  current  HP-IB. 

Using  the  HP-IB  as  a  model  the  IEEE  Standards  Board 
approved  IEEE  Standard  488-1975  "Digital  Interface  for 
Programable  Instrumentation  (GPIB)",  first  published  in  1975 
and  again  published  in  1978  with  minor  editorial  changes  as 
IEEE  Standard  488-1978.  In  January  1976,  the  American 
national  Standards  Institute  adopted  the  IEEE  standard  and 
published  it  as  AHSI  Standard  SC  1.  1. 

The  standardized  interface  concept  is  now  well  accepted. 
More  then  2000  products  that  are  compatible  with  the  IEEE 
Standard  are  today  available  from  more  then  250  manufac¬ 
turers  over  14  countries. 

The  GEIB  has  a  party  line  structure  where  all  devices  on 
the  bus  are  connected  in  parallel  as  shown  in  figure  2.1. 
The  16  signal  lines,  shown  in  figure  2.2,  within  the  passive 
interconnecting  GPIB  cable  are  grouped  into  three  clusters 
according  to  their  functions  as  follows; 

(1)  Data  Bus  (8  signal  lines) 

(2)  Data  Byte  Transfer  Control  Bus  (3  signal  lines) 

(3)  General  Interface  Hanagement  Bus  (5  signal  lines) 
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Figure  2.1  GIIB  Bas  Structure,  (free  Ref.  7). 

The  Seta  Input-Oatput  (DIO)  Bus  consists  of  eight  signal 
lines  that  carry  data  in  a  hit  parallel,  byte  serial  foraat 
across  the  interface.  These  signal  lines  carry  addresses, 
progran  data,  seasuiesent  data,  universal  coasands  and 
status  bytes  to  and  fzoi  devices  interconnected  in  a  systea. 
Identification  of  the  type  of  data  present  on  the  DIO  signal 
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figure  2.2  6P2B  Signal  Strnctaca*  (froa  Baf.  7) 


lines  is  indicated  bj  the  ATH  (attention)  signal.  When  the 
ATH  signal  is  true  (asserted),  either  address  or  universal 
conaands  are  present  on  the  data  bus  and  all  connected 
devices  are  reguired  to  aonitor  the  DIO  lines.  When  the  ATI 
aessage  is  false,  device  dependent  data  (e.g.,  prograaaing 
data)  is  carried  between  devices  previously  addressed  to 
talk  and  listen. 

Transfer  of  each  byte  on  the  Data  Bus  is  accoaplished 
via  a  set  of  three  signal  lines:  DAV  (data  valid) ,  WBFD  (not 
ready  for  data) ,  and  NDAC  (not  data  accepted) •  These 
signals  operate  in  an  interlocJced  handshake  aode.  Two 
signal  lines,  WBFD  and  WDAC,  are  each  connected  in  a  logical 
AND  (wired  OS)  to  all  devices  connected  to  the  interface. 


’A" 


Ihe  Dlf  signal  is  sent  by  the  talker  and  received  by  poten'- 
tial  listeners  whereas  the  MBFD  and  IDAC  signals  are  sent  by 
potential  listeners  and  received  by  the  talker. 

7he  General  Interface  Manageaent  Lines  aanage  the  bus  to 
effect  an  orderly  flew  of  sessages.  The  IFC  (interface 
clear)  sessage  places  the  interface  systes  in  a  known  guies- 
cent  state.  SfiQ  (service  regoest)  is  used  by  a  device  to 
indicate  the  need  for  attenticn  or  service  and  to  request  an 
interruption  of  the  current  sequence  of  events.  BEN  (reaote 
enable)  is  used  to  select  between  two  alternate  sources  of 
device  pzegras  data.  ECI  (end  or  identify)  is  used  to  indi> 
cate  the  end  of  a  snltiple  byte  transfer  sequence  or,  in 
conjunction  with  ATN,  to  execute  a  polling  sequence. 

Data  byte  transfer  on  the  DIO  signal  lines  is  accoa- 
plished  using  an  interlocked  handshake  sequence  on  three 
signal  lines;  data  valid  (DAT),  not  ready  for  data  (MBFD) 
and  not  data  accepted  (NDAC) .  The  talker  uses  DAT  to  signal 
the  presence  of  a  valid  byte  of  data  on  DI01-DI08.  Each 
listener  indicates  its  acceptance  of  the  data  by  asserting 
BFD  aessage  false  and  DAC  aessage  true.  The  talker  then 
asserts  the  DAT  aessage  false  and  the  listener,  when  it  is 
able  to  receive  a  new  data  byte,  asserts  BFD  true  and  lAC 
false.  Thus  the  handshake  sequence  is  conplete.  Bhen  two 
or  aore  devices  are  "listening”  each  device  participates  in 
the  sane  handshake  cycle.  Data  is  transfered  asynchronously 
at  the  rate  of  the  slowest  listener. 

A  sore  coaplete  discussion  of  the  GPIB  can  be  found  in 
the  IIEE  Standard  [Bef.  7). 


III.  BQPIPMBMT 


In  this  chapter  various  6PIB  cospatible  eguipsect  will 
be  discussed.  That  cquipsent  which  sees  aost  likeljf  candi¬ 
dates  for  basic  electronic  laboratory  use  are  discussed 
first  and  in  greater  detail.  Eguipaent  whose  use  is  less 
readily  apparent  and  sone  eguipnent  where  less  research  was 
conducted  are  discussed  last. 

1.  Bf-85  COBPOTEl  ABC  BP-IB 

The  Hewlett-Packard  Interface  Bus  (HP-IB),  is 
Hewlett-Packard *s  isplenentation  of  the  IBEE-488-1978  inter¬ 
face  standard  (GPIB) .  As  discussed  in  Eef.  the  purpose 
of  the  HP-IB  is  to  provide  nechanical,  electrical,  tiaing, 
and  data  conpatibilities  between  all  devices  adhering  tc  the 
standard.  Interfacing  other  devices  to  coaputers  has  been 
greatly  siaplified  by  the  RP-IE.  In  general  the  use  of  the 
HP-IE  allows  the  operator  to  concentrate  on  what  is  to  be 
connunicated  and  give  little  thought  to  coapatibility  and 
handshaking.  The  HP-IB  uses  standard  ASCII  and  easily 
understood  control  signals. 

If  one  uses  the  HP-IB  option  accessor  y»  the 
Hewlett-Packard  Hodel  85  aicrocoaputer  has  the  necessary 
capabilities  to  allow  it  to  function  as  system  ccntroller. 
Using  the  HP-IB,  the  HP-85  can  take  control  of  prograaaable 
test  eguipaent,  direct  their  operation,  and  store  test  data 
returned  frea  the  eguipaent.  The  coaputer  can  store  data  on 
aagnetic  disk  or  tape,  display  the  data  using  built-in 
graphics  capabilities  or  a  reacte  plotter,  or  print  a  hard 
copy  cl  the  data. 


Thre€  priaary  ccamands  that  the  HP~85  uses  to  contzol 
progzaiaable  test  egaipsent  are  the  "OUTPUT",  "ENIEB"  and 
"TRAISIEB"  coBsands.  The  "OUTPUT"  coaaand  is  used  to  send 
data  fccB  the  coaputez  to  the  test  egaipaeut.  The  statsaent 
aast  contain  the  destination  device  address  and  a  list  of 
iteas  tc  he  output  (e.g.  the  coaaand  OUTPUT  720;  X,  outputs 
the  variable  X  to  device  720).  The  "ENTER"  coaaand  is  used 
to  send  data  froa  a  designated  eguipaent  to  the  coaputer. 
The  stateaent  aust  contain  the  source  device  address  and  a 
list  of  iteas  to  be  entered  (e.g.  the  coaaand  ENTER  720;  X, 
enters  data  to  variable  X  froa  device  720) .  The  "TRANSFER" 
coaaand  is  used  to  aove  data  to  and  froa  a  established 
buffer  area.  This  coaaand  is  used  to  aove  data  froa  one 
device  tc  another  when  neither  device  is  the  bus  ccntrcller 
(e.g.  the  coaaand  TRANSFER  706  TO  Z$  COUNT  100,  will 
transfer  100  bytes  of  data  froa  device  706  to  the  buffer 
space  designated  as  2$.  The  coaaeuid  TRANSFER  Z$  TO  710  FHS, 
will  transfer  the  data  in  buffer  space  Z$  to  device  710 
using  fast-handshaJce) . 

fihen  a  device  encounters  a  situation  which  reguires  the 
contrcller*s  attenticn  or  action,  it  signals  the  controller 
with  a  service  reguest  (SBQ)  •  A  service  reguest  aay  be 
generated  whenever  an  event  such  as  an  error  or  change  of 
status  occurs.  A  service  reguest  is  bandied  by  the 
contrcller  as  an  interrupt  and  nay  be  processed  or  ignored. 
If  the  ccntroller  is  yrograaaed  to  process  the  SRQ  Interrupt 
it  aust  first  deteraine  who  sent  the  interrupt,  and  then  why 
the  SEC  V21S  generated.  The  controller  can  deteraine  who 
sent  the  service  request  by  perforaing  a  parallel  poll. 
This  is  like  a  discussion  leader  asking  those  persons  with 
probleas  to  raise  their  hands.  Once  the  controller  deter- 
nines  which  device  generated  the  SBQ,  it  can  deteraine  the 
specific  problea  by  perforaing  a  serial  poll.  This  involves 


qaerjfing  a  device  as  to  its  status.  The  isforsation 
cetusned  by  each  device  is  dependant  upon  the  nature  of  the 
device  and  can  be  found  in  the  instruction  annual  for  that 
specific  eguipaent  (e.g.  error  code  98  indicates  an  execu¬ 
tion  error  for  the  Tektronix  PS  5010  but  could  indicate  a 
different  type  of  erzcr  for  soae  other  device).  &  coaplete 
discussion  on  handling  service  reguests  can  be  found  in  fief. 
1. 

B.  B1?ETEK  TOBCTIOI  GEIEfiATOB 

This  section  discusses  the  Havetek  Model  270 
Prograaaable  Function  Generator  and  hou  to  control  it  using 
the  HP-8S  Microconputer. 

As  described  in  fief.  2,  the  Bavetek  Model  270,  12  MHz 
Prograiaable  Function  Generator,  is  a  0.01  Hz  to  12  MHz 
aultifunction  generator  that  can  operate  in  continuous, 
trigger,  gated  or  burst  nodes,  at  generator  levels  to  20 
volts  peak-to-peak.  The  generator  produces  sine,  triangle, 
and  square  waves,  with  froa  ♦S  to  -5  volts  of  DC  offset. 
The  function  generator  settings  can  be  aade  froa  the  front 
panel  or,  with  the  General  Purpose  Instruaent  bus,  froa  a 
aicrocoaputer  controlling  the  experinent.  Nuabers  can  be 
input  in  free  foraat,  (i.e.  fixed  point,  floating  pcint,  or 
exponential  notation).  Paraaeters  aay  be  entered  in  emy 
crder.  All  entries  are  checked  for  errors  and  displayed  on 
the  front  panel.  Current  paraaeter  settings  nay  be  checked 
by  pressing  the  corresponding  button  on  the  front  panel.  Op 
to  80  ccaplete  sets  of  prograaaing  aay  be  stored  in  the 
generator  and  rapidly  recalled. 

The  lavetek  Model  270  Prograaaable  Function  Generator 
can  be  ccntrolled  by  the  HP-85  Microconputer  over  the 
Hewlett-Packard  Interface  Bus  (HP-IB)  .  The  handshaking  and 


data  transfer  xs  acccaplished  as  dxscussed  in  Chapter  2. 
The  Hcdel  270  is  ccntrolled  ty  sending  coaaands  over  the 
GPZB  data  lines.  7he  fanction  generator  interprets  the 
coaaands  and  responds  as  directed.  Hhen  the  function  gener¬ 
ator  is  directed  by  the  coaputer  to  send  data,  it  uses  the 
sane  data  lines  that  the  coaputer  used  to  send  coaaands. 
Table  I  is  a  partial  list  of  function  codes  used  by  the 
coaputer  to  control  the  function  generator. 

TIBII  I 

Vavetek  Pnnction  Generator  Prograaaing  Coaaands 


Contrcl  and  data 


Change. Sign 
Eeciial  Fdint 
C,1.... ,9 
haplitude 
Bode 

Function 
Cffset 
Fzponent 
Freguency 
Execute 
Cutput  Cn/Cff 
Becall  Setting 
Beset 

GPIB  Address 


Model  270 


Key 


“'aKK"* 

MODE 

FOHC 

OFST 

EXP 


ASCII  (GPIB) 


“•V 


EIEC 

OB 

RCL 

ESI 

ADBS 


The  coaputer  and  function  generator  are  connected  using 
the  EP-IE.  The  functicn  generator’s  factory-set  address  can 
be  found  by  pressing  the  "AOBS**  button  on  the  front  panel. 
If  scse  ether  address  is  desired  it  can  be  entered  fres  the 
front  panel  by  pressing  "AOBS",  entering  desired  address  and 
pressing  "EXEC".  The  address  aust  be  used  in  all  ccaputer- 
to-generator  coaaunications.  The  function  generator  output 
is  connected  to  provide  vaveforas  to  desired  destinations 
(an  oscilloscope  is  good  for  deaonstration  purposes),  the 
coaputer  program  is  loaded,  and  the  system  is  ready  for 
operaticc. 


Ibe  saiple  pcograi  provided  in  Appendix  B,  vas  vrittan 
to  provide  a  siaple  hands-on  aeans  of  system  faailiariza- 
tion.  It  does  not  deaonstrates  all  the  Nodel  270 *s  capabil¬ 
ities.  To  use  the  saiple  program  configure  a  systea  such  as 
the  one  shown  in  Figcre  3.1.  A  siaplified  flow  diagram  of 
the  prograa  is  shown  in  Figure  3.2. 


Figure  3. 1  Hodel  270  Oeaonstration. 


Bben  the  prograa  is  initiated  the  computer  display  will 
provide  instructions  for  entering  a  function  into  the  func¬ 
tion  generator.  The  user  should  respond  to  the  displayed 
questions.  The  ”END  LIBE"  key  is  used  to  enter  the  user's 
response  into  the  ccaputer.  Nuabers  say  be  entered  using 
integer  (e.g. 1000") ,  floating  point  (e.g.,"15.2")  #  or 
exponential  (a. g. 1 216")  foras.  The  user  will  be  asked  to 
enter  wavefora  type,  aaplitude,  frequency,  and  DC  offset. 
As  each  entry  is  aade,  the  Bavetek  Function  Generator 
display  will  show  that  entry.  After  a  function  has  been 


fully  selected,  the  functioo  Mill  be  gated  to  the  function 
generator  output  and  displayed  on  the  oscilloscope,  and  the 
computer  will  query  the  function  generator  as  to  its  status. 
Ihe  function  genera ter *s  response  will  be  printed  on  the 
coBputer*s  printer. 

Ihe  sample  prograi  also  contains  a  section  on  the  use  of 
the  function  generator's  aeaory.  It  allows  the  user  to 
store  functions  in  the  Model  270*s  aenory  and  to  recall  and 
display  previously  stcred  functions.  This  demonstrates  the 
ability  of  the  ffaveteJc  function  generator  to  store  and 
recall  up  to  eighty  waveforms. 

Fcr  a  more  detailed  description  of  the  function  genera¬ 
tor's  capabilities,  the  user  should  refer  to  the  Instruction 
Manual  for  the  Havetek  Model  270,  Programmable  Function 
Generator  £Be£.  2]. 

C.  PS  5010  PBOGBAHHIELB  POBBB  SOPPIX 

The  Tektronix  PS  5010  Programmable  Power  Supply  provides 
a  floating  dual  supply  and  a  ground-referenced  logic  supply. 
Each  supply  has  independent  constant  voltage  modes  or 
constant  current  modes  with  automatic  crossover. 

The  floating  supply  provides  0  to  ^32  volts  DC  and  0  to 
-32  volts  DC,  both  with  respect  to  a  common  front  panel 
terminal.  All  floating  supply  terminals  can  be  elevated 
above  ground  to  a  maximum  150  volts  peak.  ?oltage  differ¬ 
ences  from  0  to  64  volts  are  available  across  the  dual 
supply  terminals.  The  floating  point  supplies  are  program¬ 
mable  in  increments  of  10  millivolts  from  0  to  10.0  volts 
and  in  increments  of  100  millivolts  from  10.1  volts  to  32.0 
volts.  The  current  is  programmed  in  50  milllamp  increments 
from  50  lilliamps  to  1.5  amps. 


The  logic  supply  provides  4.5  volts  DC  to  5.5  volts  DC 
at  currents  to  3  asps.  The  logic  supply  is  prograaaahle  in 
increients  of  10  aillivoits  fioa  4.50  volts  to  5,50  volts 
and  in  current  increients  of  100  aillianps  over  a  range  of 
100  nilliaips  to  3  aips. 

The  front  panel  LED  display  is  divided  into  three 
sections.  Each  section  indicates  the  programed  current  or 
voltage  for  one  supply.  In  the  operating  lode,  the  displays 
show  the  true  output  voltage  when  operated  in  the  constant 


voltage  lode  or  ccrrent  when  operated  in  the  constant 
current  lode.  A  acre  conplete  description  of  the  PS  5010 
specifications  can  be  found  in  Hef.  3. 

Table  II  is  a  condensed  list  of  coaaands  used  by  a 
systei  controller  to  direct  the  PS  5010. 

A  deaonstration  for  the  PS  5010  and  the  DU  5010  coatina'- 
tion  is  included  in  Appendix  B.  This  prograa  is  discussed 
in  the  following  section  covering  the  DM  5010  Prograaaable 
Digital  Multimeter. 

C.  Dfl  5010  PBOGBAHflABLE  DIGITAL  HDLTIHETEB 

The  Tektronix  DE  5010  Programmable  Digital  Hultiaeter 
aeasures  and  displays  dc  voltages,  resistance,  true  ras  ac 
voltages,  and  voltages  consisting  of  a  dc  level  plus  an  ac 
waveform.  Range  selection  is  automatic  or  manually  incre¬ 
mented.  A  diode  test  function  provides  a  1  ailliaap  current 
output  for  diode  testing.  fleasureaents  are  aade  via  front- 
panel  connectors  or  a  rear- interface  connector. 

The  DH  5010  also  performs  calculation  for  averaging, 
scale  and  offset,  conversion  to  dBm  or  reference  dB,  and 
coapariscn.  Measureaents  and  calculations  are  indicated  on 
a  signed  4  1/2  digit  LEO  display.  The  decimal  point  is 
autoaatically  positioned  and  leading  zeros  are  blanked. 
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TABLE  11 

PS  5010  Coaaands  and  Descriptions 


Arouaent 

Description 

Returns  error  code 

ILOG 

<nuB> 

Sets  the  logic  supply 
current  llnlt 

IHEG 

<nuB> 

Sets  negative  floating 
supply  current  limit 

INIT 

Resets  instruaent  settings 
to  pover-on  state 

IPOS 

<nuB> 

Sets  positive  floating 
supply  current  Ixmrt 

COT 

OH 

Connects  all  supplies 
to  the  output  terminals 

SET? 

Returns  instrument  settings 

VIOG 

<nuB> 

Sets  logic  supply  voltage 
liait 

VNEG 

<naB> 

Sets  negative  floating 
supply  voltage  limit 

VPOS 

<num> 

Sets  positive  floating 
supply  voltage  Ixait 

7LOG? 

■7NSG? 

EPOS? 

Returns  setting  for 
respectxve  supply  (x.e. 

ENE6  <num>) 

The  operation  of  the  DM  5010  is  progranaable  Yia  high* 
level  ccEoands  (ASCII)  sent  over  the  6PIB.  The  DM  5010  can 
send  infor nation  abont  front  panel  control  settings,  oeas- 
ureaents,  and  calculations  via  the  bus  to  the  GPI3 
contrcller.  Neasureaents  and  calculations  are  triggered  by 
interial  circuitry  (at  a  noraal  or  fast  rate) ,  front  panel 
push  button,  GPIB  cosaand,  or  external  signal  via  the  rear- 
interface  connector.  A  more  detailed  description  of  the  DM 
5010  specifications  and  operating  instructions  can  be  found 
in  Ref.  4. 

Table  III  is  a  condensed  list  of  coamands  used  to 
control  the  DM  5010  via  the  GPIB. 


TABLE  111 

OH  5010  CoBunds  and  Descriptions 


Atgument 

<nuB> 

Description 

selects  the  ACV+DCV  function. 
Argument  selects  range. 

ACV 

<num> 

selects  the  ACV  function. 
Argument  selects  range. 

DCV 

<num> 

Selects  the  DCV  function 

Argument  selects  range. 

ERR? 

Returns  error  code. 

Tnucj? 

Returns  the  current  function 
and  range. 

IBIT 

Initializes  to  power-on  settings 

CHMS 

<num> 

Selects  OHMS  function. 

Argument  selects  range. 

SEND 

Returns  latest  measurement. 

Bote:  negative  or  omitted  argument  selects  auto-range 
cafatllity. 

A  demonstration  frogram  for  the  P5  5010  Programmatle 
Power  Supply  and  the  EM  5010  Programmable  Digital  Multimeter 
is  included  in  Appendix  B.  A  simplified  flow  diagram  for 
this  program  is  shown  in  Figure  3.3.  To  run  the  program  the 
system  is  configured  as  shown  in  figure  3.4.  The  program  is 
loaded  and  run  in  the  HP-85  computer  following  the  instruc¬ 
tions  displayed  on  the  screen.  The  program  guides  the  user 
through  the  setup  of  each  of  the  PS  5010 *s  voltage  supplies. 
At  each  step  the  EB  5010  will  measure  and  display  the 
voltage  level.  The  computer  will  also  read  the  OH  5010  and 
print  the  reading  on  the  printer.  A  WAIT  1000  (1  second 

delay)  command  is  used  in  the  program  just  before  the 
computer  reads  the  meter.  This  delay  ensures  that  the 

computer  will  not  try  to  read  the  meter  before  the  reading 
has  settled.  Reference  4  shows  the  maximum  settling  time 
when  reading  AC  volts  (true  RMS)  to  be  1.2  seconds.  Table 
IV  shews  a  sample  printout. 


;y..  -  .aV;-- 


START 


INITIALIZE 

EQUIPMENT 


/  SET 
/  P^SOIO 
r  READ 
DM5010 


INPUT 
LOGIC 
SETTING , 


CHANGE? 


f  SET 
PS5010 
READ 
DM5010 


/  INPUT 
'  POSITIVE 
SETTING  i 


change?^S^5^-(a 


SET 

PS5010 

READ 

DM5010 


/  INPUT 
'  NEGATIVE 
SETTING  , 


CHANGE? 


Tigarc  3.3  PS  5010  and  DB  5010  Oeionstration  Plow  Oiagcaa. 


IIBX.I  If 

SS  5010  and  DB  5010  Daaonstcation  Prograa  Printout 


ICGIC  VOLTAGE  IS 

• 

e 

B.9 

BI6ATIVE  VOLTAGE 

IS: 

-17.5 

FCSITIVE  VOLTAGE 

IS: 

24.4 

Figaro  3.B  PS  5010  and  DB  5010  Doaonstration  Sotap. 

This  discussion  and  tho  doaonstration  prograa  covor  only 
a  saall  percentago  of  tho  OB  5010*s  capabilitios.  lor  aoro 
details  xofor  to  tho  prograaaing  aaaaal  [lot.  Bj. 

B.  G1BEB  6PZB  EQOIPBIBT 

This  section  discusses  agaipaont  which  was  not  inccrpo- 
rated  in  the  research  discassed  in  later  chapters,  but  which 
light  haue  uses  in  futare  research. 


1.  Efeaiaflxas  Siis  lal§£face  ^  Moaex 

22IU  Z4tgy  CfUg  Holtiaeter 

The  Photodjne  Hodel  488ZLI  GPIB  Interface  Adaptor 
provides  the  logic  asd  control  functions  necessary  to  inter¬ 
face  the  Hodel  22ZIA  Fiber  Optic  Hultineter  with  a  GPIB 
controller.  The  ccibination  of  the  488ZLI  and  22XL1  can 
operate  in  either  the  talk-only  or  addressable  node,  as 
deter lined  by  the  setting  of  an  internal  switch.  In  the 
talk-only  node,  it  can  send  data  to  a  GPIB  conpatible 
listener  at  one  of  eight  switch  selectable  rates,  frcn  2.5 
readings  a  second  to  one  reading  per  hoar.  In  the  addres¬ 
sable  node,  readings  say  be  triggered  or  non-triggered, 
depending  on  whether  its  odd  or  even  address  is  received 
froa  the  controller.  The  Hodel  488XLI  provides  an  output  of 
ASCII  data,  sign,  and  teruinator.  A  short  dencnstration 
prograa  is  provided  in  Appendix  B.  The  488XLI  and  22XLI 
conbination  is  very  easy  to  use  and  prograa. 

2.  Jgglgtt-fflg^^  l&liS  Analyzer 

The  Hewlett-Packard  1615A  Logic  Analyzer  offers 
asynchronous  tiaing  diagraa  aeasureaents  and  synchronous 
state  aeasureaents  for  use  in  the  design  and  trouble¬ 
shooting  of  digital  systeas.  Heasureaent  setups  are  siapli- 
fied  with  a  aenu  systea  which  reduces  the  nuaber  and 
coaplezity  of  front  panel  keys.  With  the  foraat  specifica¬ 
tion  aenu,  the  desired  node  of  operation:  tiaing,  state,  or 
siaultaneous  dual-acde,  is  selected.  The  corresponding 
trace  specification  aenus  then  allow  entry  of  the  desired 
triggering  and  data  paraaeters. 

The  16 15 A  logic  Analyzer  was  found  to  be  not 
coapletely  coapatible  with  the  HP-85  Coaputer.  Osing  the 
HP-85  as  systea  controller,  it  was  possible  to  set  all 
paraaeters  into  the  161 5A,  but  data  could  not  be  transferred 
iron  the  1615A  to  the  HP-85.  The  problea  in  data  transfer 


seems  to  be  one  of  a  not  folly  coapatible  handshake.  Hhen 
the  BP-'SS  directs  the  16151  to  send  its  data,  the  161SA  goes 
to  the  talk  mode  and  places  the  first  byte  of  data  on  the 
bus,  hoveTsr  the  DIP  (data  valid)  line  is  not  set.  Since 
the  HP<*65  does  not  receive  DAY  it  does  not  accept  the  first 
byte  of  data  and  the  entice  system  locks  up  vith  neither  the 
HP-85  nor  the  1615A  responding  to  keyboard  inputs. 

Hewlett-Packard  engineers  who  were  consulted  on 
this  problem  suggested  that  this  problem  might  be  circum¬ 
vented  by  directing  the  16 15 A  to  transfer  its  data  to  a 
printer  cr  buffer  space  rather  then  to  the  HP-85  directly. 
Further  research  is  needed  to  see  if  this  solution  will 
work.  The  161 5A  Logic  Analyzer  would  be  a  very  valuable 
piece  of  equipment  for  basic  digital  laboratories.  Efforts 
should  be  made  to  solve  the  compatibility  problem  or  to  find 
a  compatible  controller. 

3.  He wlet t- Pa cK ard  9111 A  Graphics  Tablet 

The  Hewlett-Packard  9111A  Graphics  Tablet  is  used  to 
input  coordinate  points  to  the  microcomputer.  It  also  has 
sizteet  menu  softkeys  to  allow  option  selection  away  from 
the  computer  keyboard. 

It  was  thought  that  the  Graphics  Tablet  could  be 
used  to  annotate  computer  generated  plots,  however  this 
proved  not  to  be  very  workable  due  to  the  small  screen  on 
the  HP-85  computer.  A  demonstration  program,  included  in 
Appendix  B,  provides  an  Introduction  to  the  9111A  and  its 
uses. 

‘t-  Baklsilrias&agd  ^21L  fins  Sislga  Analyzer 

The  HP-59401A  Bus  System  Analyzer  is  invaluable  as 
an  aid  to  GPIB  users  in  hardware  design  and  in  diagnosis  of 
hardware  and  software  problems  encountered  in  GPIB  compat¬ 
ible  systems.  When  in  the  listen  mode  the  5940 1A  monitors 
Bus  traffic  and  can  accept  and  store  up  to  32  characters 


froa  the  bus  for  latex  ezaaination.  It  can  slow  down  data 
transfer  and  handshaking  so  they  aay  be  observed.  Hhen  used 
in  the  talk  node  the  5940 Ik  is  used  to  drive  the  Bus.  The 
Bus  can  he  driven  one  character  at  a  tine  by  setting  the  DIO 
switches  to  the  appropriate  code  and  outputting  this  infor- 
nation  to  the  Bus. 

While  the  594011  Bus  Systea  Analyzer  is  not  itself 
a  piece  cf  prograaaable  test  eguipaent,  its  inportance  in 
setting  up  and  testing  a  GPIB  systea  cannot  be  overstated. 
The  ability  to  observe  and  control  the  handshake  and  data 
transfer  lines  on  the  bus  greatly  siaplifies  the  design  and 
trouble-shooting  processes. 

5-  Havetek  DC  5009  Oniversal  Counter/Tiaer 

The  Tektronix  DC  5009  Oniversal  Counter/Tiaer 
features  reciprocal  freguency*  period,  counting  events  on 
channel  B  during  tiae  gates  applied  to  channel  A  and  total¬ 
izing  aeasureaents  to  135  HBz.  It  also  has  tiae  interval 
and  width  features  cf  10  ns  resolution  for  tiaing  aeasure- 
aents.  For  repetitive  tiaing  aeasureaents,  averaging  and 
pseudc-randoB  tiae  base  aodulation  circuitry  provides 
increased  accuracy  over  a  wide  range  of  input  signals.  The 
DC  5009  provides  trigger  level  outputs  at  both  the  frcnt 
panel  and  rear  interface  for  increased  aeasureaent  conven¬ 
ience. 

The  DC  5009  is  GPIB  prograaaable  and  allows  any 
aanually  selectable  function  or  node  to  be  operated  over  the 
GPIB  bos,  including  all  input  conditioning  controls.  After 
the  DC  5009  is  set  to  the  reaote  state  by  a  system 
contrcller,  its  operating  nodes  and  settings  can  be  set  and 
read  by  progranaing  aneaonics  sent  to  it  in  ASCII  code  over 
the  bos.  The  instrunent  settings  nay  also  be  read  while  in 
the  local  state.  The  DC  5009  connects  to  the  bus  through  a 
GPIB-compatible  connector  on  the  IN  5000-series  power 
nodule. 
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fleasareaent  results  are  displayed  in  an  eight- digit 
LED  readout,  vith  the  deciaal  point  autoaatically  posi¬ 
tioned.  The  displayed  count  overflow  is  indicated  by  a 
flashing  display.  The  counter  also  uses  three  digits  of  the 
seven-segaent  LED  display  to  indicate  internal  or  operating 
error  codes  and  two  digits  for  external  signal  probe  coapen- 
sation  results. 

Table  y  is  a  condensed  list  of  coaaands  used  with 
the  DC  5009.  A  aore  detailed  description  of  the 
Counter/Tiaer*  s  specifications  and  operating  procedures  can 
be  found  in  Ref.  5. 

TABLE  ▼ 

DC  5009  Coaaaads  aad  Deacription 

coBaands  arguaent  Description  ,  ,  ,  , 

luTO  sets  trigger  level  to  signal 

Bidpoint  tboth  channels)  . 

AYE  <nua>  Sets  nuaber  of  aeasureaents 

averaged. 

CHA  A  or  B  Selects  channel  for  succeeding 

input  settings. 

EVE  (BA)  Counts  Channel  B  during  Channel 

A  pulse  width. 

FREQ  (A)  Heasures  frequency  of  input 

signal  on  Channel  A. 

IHIT  Resets  to  current  front- panel 

settings  and  power-on  paraaeters. 

PER  (A)  Heasures  the  period  of  Channel 

A  signal. 

BAT  (B/A)  Heasures  ratio  of  B  events  to 

A  events. 

SEND  Obtains  and  foraats  new  aeasureaent 

results. 

SET?  Query  returns  current  instruaent 

settings. 

Tias  (AB)  Heasures  tine  froa  A  event 

to  B  event. 

NIO  (A)  Measures  pulse  width  of  channel 

A  signal 


IV-  &4ZI  csiiscsiON 


In  the  previous  chapter  several  GPIB  prograaaable  test 
equipaents  were  introduced.  In  this  chapter  it  will  be 
shown  how  coBbinaticns  of  those  equipaents  can  be  used  to 
conduct  basic  electronics  laboratory  aeasureaents.  A 
student  in  a  basic  electronics  class,  such  as  EC’*2211  at  the 
Naval  Postgraduate  School,  sight  be  asked  to  build  and  eval¬ 
uate  the  frequency  response  of  a  simple  coaaon-eaitter 
amplifier  similar  to  the  one  shown  in  Figure  4.1. 


Figure  4. 1  Coaaon-Eaitter  Aaplifier. 


To  ccmplete  an  evaluation  of  his  circuit  performance  he 
would  need  a  signal  generator,  power  supply,  frequency 
counter,  AC  voltaetex,  and  an  oscilloscope.  He  would  need 


to  becoac  fail liar  enough  with  each  of  these  eguipsents  to 
ensure  that  any  data  obtained  froa  his  tests  vas  correct. 
Frobleas  incountered  aust  first  be  investigated  for  eguip* 
aent  setup  probleas, 

1  greatly  siaplified  procedure  for  investigating  the 
saae  coaaon-eaitter  aaplifier  would  use  prograaaable  test 
eguipaent  and  a  aicr ocoaputer  controller.  A  prograa  would 
insure  proper  eguipaect  setup  and  could  even  perfora  a  check 
to  verify  a  proper  circuit  to  be  tested.  This  check  would 
help  the  student  identify  probleas  in  his  circuit  before 
tiae  was  lost  in  taking  useless  test  data.  Finally  the 
aicrocoaputer  controlled  test  could  take  a  greater  nuaber  of 
data  points  at  a  auch  faster  rate. 

To  test  a  coaaon-eaitter  aaplifier  and  obtain  a  printout 
cf  freguency  and  gain,  the  following  test  eguipaent  could  be 
used:  HP-85  Hicrocoaputer,  Model  270  Function  Generator,  PS 
5010  Power  Supply,  and  the  DM  5010  Digital  Hultiaeter.  The 
eguipaent  configuraticn  for  this  type  of  an  experiaent  is 
shown  in  Figure  4.2. 

A  saaple  prograa  for  the  BP-85  Hicr ocoaputer  which  uses 
the  eguipaent  as  configured  in  Figure  4.2  to  test  a  coaaon- 
eaitter  aaplifier  is  included  in  Appendix  B.  The  prograa 
uses  the  Havetek  Model  270  Function  Generator  to  provide  a 
known  input  to  the  circuit  under  test.  The  Model  270  is 
shifted  through  a  range  of  freguencies  at  a  constant 
voltage.  At  each  freguency  the  test  circuit's  output 
voltage  is  read  by  the  OH5010.  The  BP-85  Coaputer  coaputes 
the  gain  at  each  freguency  using  the  DH5010  readings  and  the 
known  input  voltage  value.  A  siaplified  flow  diagraa  for 
this  prograa  is  shown  in  Figure  4.3.  This  prograa  allows  the 
user  to  select  power  supply  voltages,  frequency  range,  and 
nuaber  of  data  points  to  be  taken.  It  prints  out  the 
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frequency  and  gain  (in  dB)  for  each  point.  All  user  entries 
are  eade  froa  the  HP-85  keyboard  in  response  to  displayed 
questions.  A  saaple  of  the  type  of  output  generated  is 
shown  in  Table  VI  . 

The  saaple  prograa  is  not  limited  to  use  with  siople 
coanon-ealtter  aaplifiers;  it  can  test  the  f requency-vs-gain 
characteristics  of  any  desired  circuit,  such  as  an  aaplifier 
or  filter.  A  frequency  counter  is  not  needed  due  to  the 
good  frequency  accuracy  of  the  Eodel  270  Function  Generator 
(but  could  easily  be  incorporated  in  the  aeasureaent 
systea) .  Hany  aore  advanced  electronics  courses  could  use 
the  saae  test  eguipaent  and  prograa  for  freguency-vs-gain 
characteristics. 


TIBIl  TI 

Saaple  Oatpat  from  Frey  Gain  Prograa 


Is  the  preTioas  chapter  it  vas  shown  how  coaputer 
controlled  test  eguipaent  could  obtain  faster,  more  accurate 
test  data.  If  this  was  all  the  computer  could  do  it  would 
be  a  major  savings  of  time,  however  the  coaputer  can  also 
provide  a  display  of  the  data. 

1.  BC-85  GBiPHICS  Clf ABILITIES. 

The  HP-85  Hicr cccaputer  provides  two  different  display 
areas  or  modes:  alphanumeric  and  graphics.  Normally  the 
display  is  in  the  alpha  mode,  but  the  user  can  view  the 
current  graphics  display  at  any  time  by  pressing  the  "GBAPH" 
key  or  by  executing  the  statement,  GRAPH.  The  graphics 
capability  of  the  HP-85  enable  the  user  to: 

(1)  Plot  data  on  the  graphics  display,  thus  clarifying  a 
complex  set  of  information  in  pictorial  fora. 

(2)  Scale  the  display  to  desired  proportions. 

(3)  Generate  a  nuiber  of  lines,  curves,  diagrams  and 
designs  on  the  display. 

(4)  Copy  anything  from  the  graphics  display  to  the 
printer  with  one  command. 

(5)  "Oraw"  and  label  graphs  with  ease. 

(6)  Interact  with  the  graphics  display  from  the  keyboard. 


(7)  Execute  any  graphics  command  from  the  keyboard  cr  in 
a  program. 


If  the  n?-85  is  equipped  with  the  Printer/Plotter  ROM, 
graphics  prograas  for  the  HP-eS  can  be  plotted  directly  on 
the  Hewlett-Packard  7470A  Plotter  by  using  the  '*TR AHSLATE" 
coanand. 

In  Chapter  4  it  was  shown  how  the  frequency  verses  gain 
characteristics  for  a  common-emitter  amplifier  could  be 
measured  and  printed.  The  same  data  could  be  plotted  by  the 
HP-05  directly.  This  would  provide  the  student  with  a  quick 
graphical  display  of  the  amplifiers  gain  characteristics. 
Included  in  Appendix  B  is  a  program  which  will  test  the 
amplifier,  print  frequency  and  gain  for  each  test  point, 
graph  the  data,  and  copy  the  graph  on  the  printer.  Figure 
5.1  is  an  example  of  the  printed  graph  for  the  circuit  shown 
in  Figure  4.1  .  A  simplified  flow  diagram  for  the  demon¬ 
stration  program  is  shown  in  Figure  5.2 


FREQdOOOhz  STEPS) 


Figare  5.2  Graphics  Oeaonst cation  Pcogcaa  Flow  Oiagraa 


As  was  previously  discussed  this  type  o£  progcaa  is  not 
lifflited  to  testing  one  circuit.  More  complex  circuits  can 
also  be  tested  using  the  same  program.  Figure  5.3  is  an 
example  o£  a  Butterucith  bandpass  filter. 


Figure  5.3  Butter worth  Bandpass  Filter. 


Figure  5.4  shows  the  printed  output  for  the  circuit  shown  in 
Figure  5.3  using  the  same  program  that  was  used  to  test  the 
common^emitter  amplifier. 

B.  7ISICAIC  PLOS 

Fcr  some  graphics  applications,  such  as  a  logarithtic 
graph,  a  simple  HP-85  program  is  not  sufficient.  For  exten¬ 
sive  or  specialized  graphics  a  pre-written  graphics  pregram 
package  is  desirable;  one  such  program  is  the 
Hewlett-Packard  VisiCalc  Plus  package.  Briefly  the  HP-87 
VisiCalc  Plus  package  is  a  group  of  graphics  and  calculation 
programs  for  the  HP-36/87  Microcomputers.  The  package 
contains  the  following  programs: 


Figure  5.4  BP  Filter  Characteristics 


VZCALC:  A  binary  program  that  is  the  main  VisiCalc 

program. 

7ZIINE:  A  BASIC  program  that  uses  VisiCalc  data  to 

graph  line  charts. 

VZCOGV:  A  BASIC  program  that  allows  you  to  fit 

standard  regression  curves  to  VisiCalc  data. 

VZPIE:  A  BASIC  program  that  uses  VisiCalc  data  to 

plot  pie  charts. 

VZEAB:  A  BASIC  program  that  uses  VisiCalc  data  to 

create  tar  charts. 

LINCOBg:  A  binary  program  that  is  automatically 

loaded  and  executed  by  the  four  graphics 
programs. 

RECZEEg:  A  binary  program  that  is  automatically 
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loaded  and  executed  by  VZLINE,  VZCD5VE,  and 
VZBAB. 

VZREAO:  K  BASIC  prograa  that  allows  you  to  read 

data  files  created  by  VisiCalc. 

VZBBIIE:  A  BASIC  prograe  that  allows  you  to  create 
7isiCalc  data  files  froa  nuneric  arrays. 

A  detailed  descripticn  of  VisiCalc  Plus  can  be  found  in  Ref. 

6. 

The  HP-87  wersion  of  VisiCalc  Plus  was  used  to  generate 
the  graphs  shown  in  Figures  5.5  and  5.6.  A  HP-85  version  of 
VisiCalc  Plus  is  available,  but  was  not  tested  in  this 
study.  In  order  to  use  VisiCalc  Plus  to  plot  the  coanoa- 
eaitter  aaplifier  data,  the  data  aust  be  put  on  disk  as  a 
nuaeric  data  array.  An  HP-85  prograa  to  take  the  data 
saaples  and  write  thea  on  a  disk  correctly  foraatted  is 
provided  in  Appendix  B.  Once  the  data  is  on  disk  it  can  be 
used  by  VisiCalc  Plus  on  a  BP-86  or  HP-87  aicrccoaputer 
systea.  VZHRITE  is  used  to  create  a  VisiCalc  data  file  froa 
the  data  on  the  disk.  Figures  5.5  and  5.6  show  VisiCalc 
graphs  of  the  coaaon-eaitter  aaplifier  data. 

Hany  graphics  prcgraas  such  as  VisiCalc  Plus  are  avail¬ 
able  for  data  display.  The  Standard  Prograaaing  Package  for 
the  HP-85  nicrocoaputer  contains  soae  graphics  prograas 
which  could  be  used  to  display  acguired  test  data. 


AMPLIFIER  FREQUENCY  RESPONSE 

(Testl  and  Test2  data — 1/30/85) 

VCC-20V  VCC-IOv 


GAIN  (dB) 


CE  AMPLIFIER  FREQUENCY  RESPONSE 

(TGst3  and  Test4  data”l/30/85) 


TESTS  DATA 


TESTA  DATA 


GAIN  (d8) 


lEO  3  lEI  3 


IE3  3  1E4  3 

FREQUENCY  (Hz> 


1E6  3 


Figure  5.6  C-E  leplifier.  High  Frequency. 
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1.  CCICIOSIOIS 

It  has  been  denonetrated,  for  at  least  a  sinple  ezperi- 
aent,  that  prograanable  test  etiaipnent  could  replace  the 
presently  used  nanually  operated  test  eguipnent.  The  ques¬ 
tion  that  must  be  answered  is,  whether  replacing  current 
test  eguipnent  with  progrannable  test  eguipnent  is  a  gcod 
decision  in  terns  of  cost  coapared  to  benefits  received?  As 
has  been  previously  discussed,  soae  of  the  benefits  of  a 
coaputer  controlled  systea  over  conventional  annual  nethods 
are: 

(1)  Here  consistent  results  in  repeated  neasureaents, 
since  a  coaputer  controlled  systea  is  not  subject  to 
operator  fatigue. 

(2)  Greater  throughput  because  systeas  are  generally 
faster. 

(3)  {fere  thorough  testing  because  systea  speed  allows 
aore  paraaeters  to  be  aeasured  in  a  shorter  tine. 

(4)  Results  expressed  in  engineering  or  scientific  units, 
since  aany  systea  controllers  are  capable  of  on-line 
data  aanipulation. 

(5)  Greater  accuracy  because  systea  errors  can  be  aeas¬ 
ured  autoaatically,  stored  and  accounted  fer  in  the 
results. 

(6)  Adaptive  data  acquisition  where  a  systea  can  be 
prograaaed  to  branch  to  other  neasureaents  to  help 
pinpoint  the  problea  when  it  senses  an  abnoraal 
condition. 


(7)  neasareaent  results  can  be  stored  in  cosputer  sesorj, 
on  disk  or  tape,  or  on  bard  copy. 

(8)  Conputer  graphics  and  plotting  provide  inproved  data 
presentation  capabilities. 

(9)  Students  would  gain  sone  faniliarity  with  the  uses 
and  operation  of  a  nicroconputer. 

Sone  of  the  disadvantages  of  a  conputer  controlled 
systen  are: 

(1)  Cost,  since  conputer-controlled  test  eguipnent 

systens  ace  ccrrently  nuch  nore  expensive  then  nanu- 
ally  operated  test  eguipnent.  i  quick  study  of  8ef. 
8  shows  HP-IE  conpatible  test  eguipnent  to  be  fron 
two  to  five  tines  as  expensive  as  sinilar  test  eguip¬ 
nent  without  the  HP-IB  option. 

Hewlett-Packard  has  recently  (Say,  1985)  intro¬ 
duced  a  new  line  of  progrannable  test  eguipnent 
called  the  PC  Instrunents  systen.  This  eguipnent  is 
not  GPIB  conpatible  without  optional  hardware,  but  it 
does  provide  conputer-controllable  test  eguipnent 
using  a  different  bus  structure.  The  cost  of  this 
eguipnent  is  roughly  twice  that  of  nanual  test  eguip¬ 
nent.  Hewlett-Packard  has  software  available  for 
several  of  thier  conputer  types  for  use  with  this 
eguipnent. 

(2)  Students  would  not  be  required  to  be  as  faniliar  with 
the  test  eguipient  if  it  is  conputer-controlled. 

(3)  Students  could  conplete  a  experinent  in  a  cookbook 
fashion  and  not  really  understand  what  they  are 
dcing. 


BICOIBEIOITZOIS 


Based  on  this  stud;  the  folloNing  recoasendations  are 

a 

(1)  As  replaceaent  test  eqoipaent  is  needed,  the  replace- 
aents  should  be  GPIB  coapatible.  The  large  cost 
difference  between  GPIB  coapatible  and  aanually  oper¬ 
ated  test  eguipaent  should  become  less  as  GPIB  eguip- 
aent  becomes  more  coaaon.  The  advantages  of  computer 
controlled  systems  discussed  in  the  previous  section 
are  greater  then  the  disadvantages. 

(2)  Software  development  should  begin  immediately 

covering  all  the  basic  electronics  laboratories.  If 
the  software  development  is  done  now  it  would  be 
available  and  tested  before  the  equipment  is 

purchased.  Even  if  the  decision  is  made  not  to 
purchase  GPIB  coapatible  equipment,  the  software 
development  would  be  worthwhile  material  for  future 
thesis  students. 

(3)  Other  GPIB  coapatible  test  equipment  should  be 
purchased  and  tested.  This  would  ensure  that  future 
purchases  of  large  numbers  would  be  based  on  in-house 
research  and  not  on  slick  salesmanship.  Also  other 
equipments  could  lead  to  uses  not  currently  antici- 
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GPIB  PB06BAHS 

A.  BAfETEX  BOOEL  270  DEBOISTBATIOB  PB06BAH 

Th€  folloving  prograa  provides  an  introduction  to  the 
Bavetek  Model  270  Function  Generator  using  the  BP'^SS 
coaputer  as  controller. 

"Wavetek  Function  Generator” 

10  I  progran  to  control 
20  1  Bavetek  Model  270 

30  1  Function  Generator 

40  CBT  IS  1 

50  I  Slave  Bavetek  tc  HP>85 

60  BEMOIE  720  lassuaes  vavetek  address  is  20 

70  1  Lockout  Bavetek  front 

80  !  Panel  control 

90  ICCAI  lOCKOOT  7 

100  !  Select  functicc 

110  CIEAB 

120  DISP  "EHTEK  FOBCIION  BOMBER” 

130  OISE 

140  EISP  ”SIHE  BATE  »  0" 

150  OISE  "IRIAHGLE  BAVE  =  1" 

160  OISE  ”SQ0ABE  BA 71  <  2” 

170  OISE 
180  IHPOI  C 
190  CCTEOT  720;  ”C”,C 
200  1  select  aaplitude 

210  CLEAR 

220  DISP  ”ERTBR  AMPLITUDE  IN  7CLTS" 

230  OISE  ”(MAX  10  V.  PEAK)" 


■  ;t 


OISE 
IHPOT  A 

CCTEOT  720; "A", A 
!  select  frequency 
CIEAB 

OISP  "ENTEB  FBEQDEHCY  IN  HZ" 
DISP  "(MAX  12MH2)" 

OISP 
INPUT  F 

OOTPOT  720; "F", I 
!  select  DC  offset 
CIEAB 

OISE  "ENTEB  DC  CIFSET" 

DISP  "(♦  OB  -  5  7.  MAX)" 

OISE 
INPUT  D 

COTEUT  720;"D",I 
!  select  DC  offset 
CIEAB 

DISP  "ENTEB  0  TO  EXECUTE" 

DISP  "YOUB  FUNCTION" 

DISP  "ENTEB  OTHIB  THEN  0" 

DISE  "TO  CHANGE  EABAHETEBS" 

DISP 

INPUT  B 

IF  E  <>  0  THEN  110 
COTEUT  720;  "B",E 
CUTPUT  720;  "PI I" 

!  input  status  of  Havetek 
OUTPUT  720;  "XT3I" 

ENTEB  720;  F, A, D,3,C ,P 
{print  Havetek  paraaeters 
PBINT  "HAVETEK  EABAHETEBS" 
EBINT 

IF  C=0  THEN  LET  C$="SINE  HAVE" 


580  IF  C»1  THEN  LET  C$="TRIiHGlE  SAFE" 


590  IP  C»2  THEH  LET  C$="SQaARI  SAFE" 

600  PRIHT  "PONCTIO»«,C$ 

610  fRIRT  "FREQaEHCY(Hz) 

620  ERIHI  "AHPLITDDE{FOLTS)",A 
630  PEIHI  "DC  OFFSET  (FOLTS)  ",D 
640  PRINT 
650  CLEAR 

660  1  ask  for  next  fanction 

670  DISP  "DO  TOOT  ilSH  TO  ESTER" 

680  DISP  "AHOTHER  FOHCTIOH  (Y/N)  ?" 

690  ISPDT  YS 

700  IF  YS="Y"  THEH  110 

710  CLEAR 

715  I  store  function  in  aesory 
720  DISP  "DO  YOU  BISB  TO  STORE" 

730  DISP  "YOOH  FONCTIOH  IS  HE90RY" 

740  DISP  "(Y/N)  ?" 

750  INPOT  N$ 

760  IF  N$="N"  THEN  860 
770  CLEAR 

780  DISP  "ENTER  HEHCBY  ADDRESS" 

790  DISP  "(1  TO  80)" 

800  INPUT  N 

810  COTPOT  720;  "F",F,"C",C,"A",A,»'D",  D,"B0P1",  "B",  H 
820  CLEAR 

830  LISP  "YOOR  FUNCTION  IS" 

840  DISP  "STORED  IN  HEHORY" 

850  DISP  "LOCATION:  ",H 
860  DISP 

865  !  recall  a  function  froa  aeaory 

870  DISP  "DO  YOO  WISE  TO" 

880  DISP  "RECALL  AND  EXECOTE" 

890  DISP  "A  PHOGRAH  STORED  IN" 

900  DISP  "HAFETEK  !!EHORY(Y/N)  ?" 
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B.  PS  5010  ABO  OH  5010  OBBOBSTBATION  PfiOGBAH 


This  frograa  deaoostrates  scoe  of  the  capabilities  of  the 
Tektronix  PS  5010  Prograamable  Power  Supply  and  the  OH  5010 
Prograimable  Digital  Multineter.  The  HP-SS  computer  is 
assumed  as  controller.  If  some  other  controller  is  used, 
the  code  may  need  modification. 

10  !  Program  to  demonstrate 

20  !  the  PS  50  10  and  DH  5010 

30  !  Addresses  must  be 

40  !  DM  =  16 

50  !  PS  =  22 

60  !  must  poll  PS  8  DH 

70  !  before  sending  any  inst. 

80  !  after  power  up 

90  S=SECLL(716) 

103  S=SF0X1  (722) 

115  !  set  PS  to  power-on  state 

110  CDTEOI  722;"INIT« 

120  PBINT 
130  CLEAR 

135  !  logic  supply  demo 

140  DISE  ’’CONNECT  EH  TO  LOGIC  SUPPLY" 

150  EISP 

160  DISE  ’’ENTER  LOGIC  SUPPLY  VOLTAGE" 

170  DISE  ’’(♦4. 5  TO  *5.5  VOLTS)" 

180  INPUT  L 

190  IP  L>=4.5  AND  L<=5.5  THEN  230 
230  DISE  "YOU  HAVE  HADE  AN  ERROR" 

210  DISF  "TRY  AGAIN" 

220  GOTC  150 

225  !  set  DH  to  read  dc  volts 

230  CUTFUT  716;"DCV" 

235  !  set  PS  logic  supply 

240  CUTEUT  722;"VLOG",L 


245  !  turn  PS  output  on 

250  OUTPUT  722; "OUT  OH" 

252  I  delay  to  give  oeter  tiae 

253  !  tc  read  voltage 
255  HAIT  1000 

260  !  enter  aeter  reading 

270  OUTPUT  716; "SENE" 

280  ENTER  716; A$ 

290  PRIHT  "LOGIC  701TAGE  IS:"A$ 

300  PRINT 
310  EISE 

320  EISP  "THE  DM  EEAEIHG  SHODID  AGREE" 

330  EISP  "WITH  THE  PRINTOUT  AND  THE" 

340  EISP  "LOGIC  SOP  PIT  DISPLAT" 

350  EISP 

360  EISP  "DO  TOO  NISH  TO  TRT  AGAIN(T/N)?" 
370  INPUT  T$ 

380  IF  T$="T"  THEN  150 

385  !  set  PS  to  pover-on  state 

390  OUTPUT  722;"INIT" 

400  CLEAR 

405  !  negative  supply  deao 

410  EISP  "CONNECT  DM  TO  NEGATITE" 

420  EISP  "FLOATING  SOPPLT" 

430  EISP 

440  DISP  "ENTER  NEGATIVE  VOLTAGE" 

450  EISP  "(0  TO  -32  VOLTS)" 

460  INPUT  N 

465  !  check  for  input  within  tolerance 

470  IF  ABS(N)>=0  ANE  ABS(N)<=32  THEN  510 
480  EISP  "TOO  HAVE  MADE  AN  ERROR" 

490  DISP  "TRT  AGAIN" 

500  GOTC  430 

505  !  set  negative  supply  voltage 

510  COTPOT  722;"VNEG",N 
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515  1  torn  on  PS  output 

520  OUTPUT  722; "OUT  OH" 

525  !  d€lay  for  ueter 

530  HUT  1000 
535  I  read  DH 
540  OUTPUT  716; "SENE" 

550  EHTEE  716 ;Hl 

560  PBIMT  "NEGATIVE  VOLTAGE  ISs",NS 
570  EBIHT 

580  EISP  "TRY  ANOTHEB  VALUE (I/H) ?" 

590  IHPOT  YS 

600  IF  Y$*"Y"  THEH  400 

605  !  set  PS  to  pouer-on  state 

610  OCTPOT  722;"INIT" 

620  CLEAR 

630  !  positive  supply 

640  DISP  "CON H EOT  DH  TO  POSITIVE" 

650  EISP  "FLOATING  SUPPLY" 

660  OISP 

670  EISP  "ENTER  DESIRED  VOLTAGE" 

680  DISP  "(0  TO  32  VOLTS)" 

690  EISP 

700  IHPOT  P 

705  !  check  for  input  vithin  tolerance 

710  IF  P>=0  AHD  P<=22  THEN  750 
720  DISP  "YOU  HAVE  HADE  AH  ERROR" 

730  DISP  "TRY  AGAIN" 

740  GOTO  660 

745  !  set  positive  supply  voltage 

750  OUTPUT  722;"VP0S",P 
760  OUTPUT  722; "OUT  OH" 

765  !  delay  for  meter 

770  WAIT  1000 
775  1  read  DH 

780  OUTPUT  716;  "SEND" 
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790  IHTEB  716;P$ 

800  IB1H7 

810  PBIHT  "POSITIVE  VOLTAGE  IS:",P$ 
820  BISP  «DO  YOD  HISH  TO  CHANGE  VPOS 
830  BISP  "  (T/N) ?" 

840  INPUT  Y$ 

850  IF  I$="y"  THEN  660 
860  CCTPDI  722;"IHIT" 

870  CLEAB 

880  BISP  "GOOBBYE" 


C.  488X11  AID  22X11  OXBOISTIinOI  PBOGBIH 
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This  prograa  provides  a  sisple  desonstration  of  soae  of 
the  capabilities  of  the  Photodjne  488XLI  and  22XLi  cosbina- 
tion.  An  input  aaj  be  provided  to  the  22XLA  but  is  not 
necessary  for  this  desonstration. 

10  !  488XLI  and  22X1A  Desonstration 

20  !  Ncn-trigger  address  is  02 

30  !  Ter Bination  seguence  is  CR-LF 

35  !  Sst  tersinaticn  seguence 

40  CCRTBOL  7,16,;  130,13,10 
50  CLEAR 

60  DISF  "hSSXLI  SAHELE  PROGSAH” 

70  !  rsad  data  fros  22XLA  via  488XLI 

80  ENTER  702 ;A 
90  LET  A-A/100 
100  f  Display  data  on  CRT 
110  DISP  USING  120; A 
120  IMAGE  DDDD. DD,"IEH" 

130  GOTO  70 


0.  SB06IIB  TO  OUOISIBITB  TBB  BP-91111  6BAPBICS  TABLET. 

This  progras  descnstrates  soae  of  the  uses  of  the 
Hevlett-Eackacd  Hodel  9111A  Graphics  Tablet  when  used  vith 
the  HF-85  Bier ocoapa ter.  The  HP-85  and  HP-91  11a  are  the 
only  eguipaent  needed  for  this  program.  This  progras  is  a 
■odification  of  a  program  found  in  Ref.  9. 

10  !  program  for  9111i  Graphics 

20  !  Tablet 

30  1  Tablet  address  -  06 

35  !  Print  softkey  menu 

40  PHIBT  "SOFTKEI  1  =  COPT  CRT  TO  PRIHTER" 

50  PRINT  ’'SOFTKEY  2  »  ERASE  CRT  AND  CLEAR  FILES” 

60  PRINT  ’’SOFTKEY  3  -  SINGLE-SABPLE  MODE” 

70  PRINT  "SOFTKEY  4  =  SWITCH-FOLLOi,  •’ 

80  PRINT  "CONTINOOOS-SABPLE  NODE" 

90  PRINT  "SOFTKEY  5  =  SHITCH-NORHAL, " 

100  PRINT  "CONTINOOOS-SABPLE  BODE" 

105  !  set  variables  and  IC’s 

110  CPTICN  BASE  0 
120  CIB  K${25} 

130  K$="BP36,50,3;BP34;3P32;BP30" 

140  SHORT  1(1000)  ,Y  (1000), 

150  INTEGER  P(1000) 

160  I(0),I  (0)  ,P  (0)  ,  J,F1»0 

170  PLOTTER  IS  1 
175  !  initialize  tablet 

180  OCTPOT  706;"IN;CN;SP" 

185  !  initialize  graph 

190  GCLEAR 
200  GRAPH 

210  LIBIT  0,97,0,70 
220  FRABE 

230  SCALE  0,301,0,218 
240  FCR  I«1  TO  5 


250  BIAS  T 

260  1${I,I}»CRBS(V) 

270  HEXn  I 
280  CAIA  4,4,31,4,4 
285  !  check  for  interrupt 

290  CR  IHTB  7  6OS0B  390 
300  OCTPDl  706;**IH,  132" 

310  ERABIE  IHTB  7,8 
315  !  input  tablet  coordinates 

320  COTEOT  706;"OC"  2  EMTEB  706; X,y 
330  X=X/40  3  X*Y/40 

340  IP  X<5  OB  X>300  IHEH  320 
350  IF  1<1  OB  I>216  THEN  320 
360  MOVE  X-5,T42  3  BELOT  T$,1  3  MOVE 
1-5, 1+2  3  BELOT  T$,1 
370  GOTO  320 

380  !  Check  status  of  interrupt 

390  SIATOS  7,1; A 
400  COTEOI  706; "OS" 

410  IHTEB  706; SI 

420  IF  BIT  (SI  ,2)  THEM  GOSOB  450 

430  IF  BIT  (SI ,7)  THEH  GOSOB  530 

440  ERAELE  IBTB  7,8  3  RETQBN 

450  IF  F1»1  THEH  PLOT  X  (J)  ,I  (J)  ,P  (J) 

460  J=J*1 

470  IF  J>1000  THEH  590 
480  OCTPOT  706;  "OD" 

490  EHTSB  706:S,T,0 

500  X(J)  =  S/40  3  Y(J)=T/40  3  P  ( J)  *0 

510  PLOT  X(J)  ,Y(J)  ,P(J) 

520  BETDBH 

530  OOTEOT  706; "B SI" 

540  EHTEB  706 ; K 
550  COTEOT  706; K$ 

560  !  Call  subroutine  dependant  on  aenu 


370  CH  K  60SOB  670,700«750«800,850,730,730,730, 
730,730,730,730,730,730,730,730 
580  EEIQEB 
590  6CLEAB 
600  FBAHE 
610  H07E  X(1)  ,Y(1) 

620  ECB  J»1  TO  1000 
630  ELOT  X(J)  ,Y(J)  ,P  (J) 

640  BEXI  J 
650  EBD 

660  !  Subroutine  to  copy  graph 

670  COPY 
680  EETQBB 

690  !  Subroutine  to  clear  graph 

700  GCIEAB 

710  ERAME 

720  J=0 

730  EETDRH 

740  !  Subroutine  for  single^-sasple  node 

750  COTPDT  706; "SG" 

760  F1=1 

770  P(J)=0 

780  FETOEH 

790  !  Subroutine  for  switch-follow, 

ccntinuous-sanple  node 
800  OCTPOT  706; "CB; SF" 

810  F1=0 

820  P(J)«0 

830  EEIOBB 

840  !  Subroutine  tor  switch-noraal 

ccntinuous-sanple  node 
850  OCTPOT  706; "CH; SB" 

860  F1*0 

870  P(J)»0 

880  SEIORN 


B.  FBBgU2ICT-fS>GAZl  PB06BAI  (PBIITIO  OOTPOT} 

This  progras  vill  test  and  print  out  the  freguenc;  and 
gain  at  that  fregnency  for  a  circuit  connected  to  the 
prograaaahle  test  eguipient: 

10  !  Fxogran  for  freg-gain 

20  !  Test  eguipnent  addresses 

30  !  Function  generator  »  20 

40  !  Power  supply  »  22 

50  !  Bultineter  »  1€ 

60  1  Poll  test  eguipnent 

70  lOClL  LOCKOOT  7 
80  S*SPOLL(722) 

90  S«SP011(716) 

100  I  Initialize  test  eguipnent 
110  OCTPOT  716; "ACV" 

120  COTFOl  722;  "I HIT" 

130  ISet  power  supply 
140  CIEIE 

150  riSP  "EFTEE  HEGITITB  FOITIGB" 

160  DISF  "  (0  TO  -32  VOLTS)  " 

170  IHPOT  N 

175  I  check  input  within  tolerance 
180  IF  ABS(N)<»32  THEN  220 
190  DISP  "TOO  HAVE  HADE  AH" 

200  DISP  "IHCOHBECT  ENTHT" 

210  GOTO  150 

220  ODTFOT  722;"VHEG",H 

230  DISP  "EHTEE  POSIIIVE  VOLTAGE" 

235  DISP  "(0  TO  32  VCLTS) " 

240  IHPOT  P 

245  !  input  within  tolerance? 

250  IF  P>s0  AND  P<=32  THEH  290 
260  DISP  "TOO  HAVE  HADE  AH" 

270  DISP  "INCOEHECT  IHTBI" 


280  GOTO  230 

290  COIFOT  722;"?POS",P 

300  !  Enter  other  paiaeeters 

310  OISP  "ENTEB  STABTING  FBECUEIICY" 

320  INPDT  FI 

330  DISP  "ENTEB  ENDING  FfiEQOENCI" 

340  INPUT  F2 

345  !  check  frequencies 

350  IF  F1<F2  THEN  400 

360  DISP  "ENDING  FBICOENCT  IS" 

370  DISP  "lESS  THEN  STABTING" 

380  DISP  "FBEQOENCY" 

390  GOTC  310 

400  DISP  "ENTEB  HOHBEE  OF  POINTS" 

410  DISP  "(100  POINTS  IS  OSOAILY  ENOUGH)" 

420  INPUT  N1 

430  1  Display  parameters 

440  CLEAN 

450  DISP  "NEGATIVE  VCITAGE  =",N 
460  DISP  "POSITIVE  VOLTAGE  =",P 
470  DISP  "STABTING  FEEQ  =«,F1 
480  DISP  "ENDING  FREQ  =",F2 
490  DISP  "#  OF  POINTS  a",N1 
500  DISP 

510  DISP  "DO  YOU  WISE  TO  CHANGE" 

520  DISP  "(Y/N)?" 

530  INPUT  Yf 
540  IF  I$="T"  THEN  140 
550  !  Turn  on  power  supply 

560  OUTPUT  722; "OUT  ON" 

570  1  Set  up  function  generator 

580  OUTPUT  720;"C0A1E0F",F1,"P1I" 

590  !  Start  taking  data 

600  PRINT 

610  PRINT  "FREQ UENCY-WS- GAIN" 
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620 

PBIBT  "FREQ: 

GAIN:  " 

€30 

E2*I1 

640 

B»  (F2-P1)/(H1-1) 

650 

FOR  1*1  TO  Rl 

660 

SAIT  1000 

665 

!  read  aeter 

670 

COTEOI  716; "SERE" 

680 

IRTER  716; PI 

685 

I  coapute  gain 

690 

G=20*LOG(?1*P1  /.5) 

695 

I  print  freguency 

and  gain 

700 

PRIHT  USIRG  710;P2 

»G 

710 

IMAGE  DDDDDDD.D,«H2",DDDD.DD,"aB” 

720 

E2=IKT(B)  ♦I*F1 

725 

1  set  270  to  next 

freguency 

730 

COTPOT  720;"F”,P2, 

IIJW 

740 

BEZT  I 

750 

LISP  "DO  YOO  WISH 

IMOTHSB  RON" 

760 

LISP  "  (I/R)  ?" 

770 

IHPOT  YJ 

780 

IF  Y|="Y"  THEN  100 

790 

LISP  "GOODBYE" 

800 

END 
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r.  7BBQ0BICT-TS-61I1  PB06BIB  (GRAPH  OOTPOT) 

This  prograa  is  a  modification  of  the  freqiiency-vs-gain 
program  of  Section  E  using  the  HP-85  graphics  capabilities. 
The  data  points  are  graphed  on  the  computer  display  and  then 
the  display  is  copied  on  the  printer. 

10  !  Program  for  freg-gain  (graphic) 

20  !  Test  eguipment  addresses 

30  I  Function  Generator  =  20 
40  !  Pover  Supply  =  22 

50  !  Hultimeter  =  16 

60  !  Poll  test  eguipment 

70  ICCAl  LOCKOUT  7 
75  !  initialize  variables 

80  DIM  PI  (2, 150) 

90  S=SPOLL  (722) 

100  S=SPOLL(716) 

110  !  Initialize  test  eguipment 

120  OCTPDT  716;”ACV" 

130  CDTEOT  722j"lNIT" 

140  1  Set  Pover  Supply 

150  CLEIR 

160  DISP  "ENTER  NEGATIVE  VOLTAGE" 

170  DISE  "(0  TO  -32  VOLTS)" 

180  INPUT  N 

185  !  input  within  tclerance? 

190  IF  ABS(H)<»32  TBEN  230 
200  DISP  "TOO  HAVE  HIDE  AH" 

210  DISE  "INCORRECT  ENTRY" 

220  GOTO  160 

230  COTEOT  722;"VHEG",N 

240  DISP  "ENTER  POSITIVE  VOLTAGE" 

250  INPUT  P 

255  1  Check  if  input  within  tolerance 

260  IP  E>»0  AND  P<«32  THEN  300 


270  CISP  "YOO  HAVE  HADE  AH" 

280  DISP  "IHCOEEECT  EHTRY" 

290  GOIC  240 

300  OOTPOT  722;"VPO£",P 

310  !  Ester  other  paraaeters 

320  DISP  "ENTER  STARTING  FREQUENCY" 

330  INPDT  PI 

340  DISP  "ENTER  ENDING  FREQOENCY" 

350  INPDT  F2 

355  !  check  fregueocy  order 

360  IF  ri<P2  THEN  410 

370  DISP  "ENDING  FRECDENCY  IS" 

380  DISP  "LESS  THEN  STARTING" 

390  DISP  "FREQUENCY" 

400  GOTO  320 

410  DISP  "ENTER  HO  HEIR  OF  POINTS" 

420  DISP  "(150  POINTS  MAX)" 

430  DISP  "(100  POINTS  IS  USUALLY  PLENTY) 

440  INPDT  111 

450  1  Display  parameters 

460  CLEAR 

470  DISP  "NEGATIVE  VOLTAGE  =",H 
480  DISP  "POSITIVE  VOLTAGE  *",P 
490  DISP  "STARTING  FREQ  =",P1 
500  DISP  "ENDING  FREQ  =",F2 
510  DISP  "#  OF  POINTS  ="N1 
520  DISP 

530  DISP  "DO  YOO  WISE  TO  CHANGE" 

540  DISP  " (Y/N)  ?" 

550  INPDT  Y$ 

560  IF  Y$="Y"  THEN  150 
570  !  Turn  on  power  supply 

580  OUTPUT  722; "OUT  OH" 

590  !  Set  up  functicr  generator 

600  OOTPOT  720;"C0A1E0F",F1,"P1I" 


610  !  Start  taking  data 

€20  PRINT 

630  PRINT  ''FREQOENCI-vs-GAiN" 

640  PRINT  "FREQ:  GAIN:" 

650  P1(1,1)=F1 

660  B=(F2-F1) 

670  FOR  1=1  TO  N1 
675  I  delay  for  meter 
680  NAIT  1000 
690  OCTPOT  716;»'SENE" 

700  ENTER  716 ;G 

705  !  compute  gain 

710  PI  (2,1)  =20 *100 {G*G/.  5) 

715  !  print  frequency  and  gain 

720  PRINT  USING  730 ;P 1 (1 ,1) ,P 1 (2,1) 
730  IMAGE  DDDDDDD.D,«Hz",DDED.DD,''dB'' 
740  Pi  ( 1,1  +  1)  =INT(B/(N1-1))*I*F1 
745  I  set  270  to  next  frequency 
750  COTPOT  720; "F", PI (1,1+1), "I" 

760  NEXT  I 

770  !  initialize  plot 

780  GCLEAR 

790  SCAIE  Fl-2*B,F2,-20, 110 

800  XAXIS  0,.1*B 

810  TAXIS  0,10 

615  !  plot  points  stored 

817  !  in  array  pi 

820  FOR  1=1  TO  N1 

830  PLOT  P1(1,I)  ,P1  (2,1) 

840  REXT  I 

850  PEN  UP 

855  !  label  plot 

860  LOIR  0 

870  ROVE  .3*B,80 

880  LABEL  ”NA6(dB)  vs  FREQ" 


890  HOVE 

900  lABEL  "FREQ{",.  1*B,«Hz  STEPS" 

910  IDIE  90 

920  HOVE  F1-.1*B,20 

930  lABEl  "HAG(10dB  STEPS)  " 

935  !  copy  plot  on  printer 

940  copy 

950  DISP  "DO  YOU  WISH  ANOTHER  EON" 
960  DISP  "(Y/N)?" 

970  INPUT  YJ 

930  IF  Y$="Y"  THEN  110 

990  DISP  "GOODBYE" 

1000  END 


G.  FBEQnSlCT-?S*GlIl  PHOGBIH  (DISK  OOTPOT) 

This  program  is  a  nodification  of  an  earlier  freguency- 
▼s-gain  program.  This  program  writes  a  file  onto  a  disk 
which  is  ccmpatible  with  the  TZBRITE  subprogram  of  VisiCalc 
Plus.  Output  is  stored  by  rows,  frequency  and  then  gain. 
The  data  disk  is  assumed  to  be  "IHITIALIZED”  and  the  micro¬ 
computer  must  be  using  that  disk  as  its  mass  storage  device. 

10  !  Program  for  Treq-Gain  (disk) 

20  !  Test  equipment  addresses 

30  !  Function  Generator  =  20 

40  !  Power  Supply  =  22 

50  !  Nultimeter  =  16 

60  !  Pell  test  equipment 

70  LOCAL  LOCKOUT  7 
80  S=SP011  (722) 

90  S=  SPOIL  (716) 

100  !  Initialize  test  equipment 

110  ODTPOT  716; "ACV" 

120  CDTPOT  722;"INII« 

130  !  Set  Power  Supply 

140  CLEAR 

150  LISP  "ENTER  NEGATIVE  VOLTAGE" 

160  DISP  "(0  TO  -32  VOLTS)" 

170  INPUT  N 

175  !  input  within  tolerance? 

180  IF  ABS(N)<=32  THEN  220 
190  DISP  "VOO  HAVE  HADE  AN" 

200  DISP  "INCORRECT  ENTRY" 

210  GOTO  150 

215  1  set  negative  supply 

220  OOTPOT  722;"VNEG",N 

230  DISP  "ENTER  POSITIVE  VOLTAGE" 

235  DISP  "(9  TO  32  VOLTS)" 

240  INEOT  P 


I  input  within  tclecance? 

IF  E>»0  hBO  P<>a2  THEM  290 
DISF  "YOU  HAVE  HADE  AH" 

BISP  "IHCOBRECT  ENTRY" 

60TC  230 

!  set  positive  supply 
OOTPOT  722;"VPOS",P 
!  Enter  other  pazaneters 
OISP  "ENTER  STARTING  FREQUENCY" 
INPUT  FI 

DISP  "ENTER  ENOIIG  FREQUENCY" 

INPUT  F2 

I  frequencies  in  order? 

IF  F1<F2  THEN  NOO 

OISP  "ENDING  FRICUENCY  IS" 

OISP  "LESS  THEN  STARTING" 

DISP  "FREQUENCY" 

GOTO  310 

OISP  "ENTER  NUHBER  OF  POINTS" 

OISP  "(HAX  150) 

DISP  "(100  POINTS  IS  USUALLY  PLENTY) 
INPUT  N1 

!  Input  disk  filenase 

OISP  "ENTER  FILIKAHE  FOR  DISK" 

INPUT  A$ 

!  Display  paraseters 
CLEAR 

OISP  "NEGATIVE  VCITAGE  «",N 
DISP  "POSITIVE  VOLTAGE  «",P 
DISP  "STARTING  FREQ  *",F1 
DISP  "ENDING  FREQ  *",F2 
DISP  "#  OF  POINTS  =",N1 
DISP  "FILEHAHE  =",A$ 

DISP 

DISP  "DO  YOU  NISH  TO  CHANGE" 


560  DISP  "  (I/M)  ?" 

570  IMP 01  T$ 

580  IF  IS="Y"  THEM  140 
590  !  Tarn  on  power  supply 

600  OOTPOT  722;"OOT  CM" 

610  !  Set  up  function  generator 

620  CDTPOT  720;"C0A  1B0F",F1,"P1I" 

630  !  Set  up  disk 

640  CMEAIE  At, 300, 10 
650  ASSIGMi  1  TO  AS 
660  I  Start  taking  data 
670  PBIMT 

680  Pfiim  "FREQOEMCY-ws-GAIM" 

690  PRINT  "FREQ  GAIM" 

700  P2*F1 

710  E=(I2-F1) /(MI-1) 

720  FCB  1=1  TO  Ml 
725  !  delay  for  aetei 

730  SAII  1000 
735  !  read  aeter 

740  COTEOT  716; "SEME" 

750  IFTER  7 16; PI 
755  1  compute  gain 

760  6=20»LOG(P1*Pl/.5) 

770  PBIMT  OSIHG  810;P2,G 
780  !  Mrite  to  disk 

790  PRINT#  1,2*I-1;P2 
800  PBIMT#  1,2«I;G 

810  IMAGE  DDDDDDD.D,"Hz",DDDD.DD,"dB 
820  I2=IMT(B)  ♦I*P1 
825  I  set  270  to  next  frequency 
830  OOTPOT  720;"P",P2,"I" 

840  NEXT  I 

850  I  Close  disk  file 
860  ASSIGN#  1  TO  * 
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